We examined the methylation pattern and organization of the AFP gene in whole livers and in isolated cell populations purified from livers of rats fed a carcinogenic diet which interferes with DNA methylation. Using restriction endonuclease digestion, we find no differences in methylation pattern and overall organization of the AFP gene in oval cells (AFPproducers) and hepatocytes (non-producers) isolated at the early stages of carcinogenesis. Our studies Indicate that in cell populations which produce AFP as well as in cells which are not active in AFP synthesis, the majority of the CCGG sites of the AFP gene are extensively methylated. In addition, we describe the existence of polymorphism in the AFP and albumin genes of Sprague-Dawley rats.
INTRODUCTION
In mammals, large amounts of alphafetoprotein (AFP) are produced and secreted into the fetal circulation by the yolk sac and developing liver (1) . Shortly after birth, hepatic AFP production falls sharply but it recurs in the adult during liver carcinogenesis and to a lesser extent in natural or experimental conditions which elicit cell proliferation in the liver (2) . In humans, highly elevated serum AFP concentrations in the adult characterize hepatoma development or germ cell tumors (3).
Because of its oncodevelopmental regulation, the organization of the AFP gene and its expression during liver development, regeneration and carcinogenesis have been investigated extensively (3,4 for reviews; 5).
Since in mammals the degree of DNA methylation of a gene may correlate with its transcriptional activity (5) , it is logical to ask whether the changes in AFP gene expression which take place during development or carcinogenesis may be associated with modifications in the methylation level of the gene.
However, an association between hypomethylation of a gene and its high transcriptional activity does not necessarily imply that the methylation changes play a primary role in controlling the activity of the gene (7, 8) .
Andrews et al. (9) reported that in mice the AFP gene is less methylated in fetal livers and AFP-producing hepatomas than in adult liver or non AFP-producing hepatomas and concluded that there was a positive correlation between hypomethylation of Hpall sites in the AFP gene and its expression.
In contrast, Vedel et aL (10) and Kunnath and Locker (11) found only small changes in the methylation pattern of the AFP gene between fetal and adult rat liver. Moreover, the changes observed were indicative of hypomethylation of some Hpall sites in adult liver, a tissue in which AFP mRNA is barely detectable. In the rat hepatoma 7777 which produces large amounts of AFP as well as in the C8 cell line derived from this tumor the AFP gene is less methylated than in fetal and adult livers but no detailed information is available on changes in methylation of the gene during carcinogenesis (10, 12) .
One of the problems of studying gene methylation in complex organs such as the liver is that a particular gene under study might be actively transcribed in only a small proportion of cells. In this case, the analysis of methylation patterns of the whole tissue may obscure relationships which might exist between gene expression and the extent of methylation.
One case in point is the "re-expression" of AFP which occurs in rat liver in response to most hepatocarcinogens. The carcinogen-induced early increase in AFP most often coincides with the proliferation in the liver of bile duct-like "oval cells". The nature of such cells is the subject of extensive studies but there is general agreement that at the early stages of carcinogenesis induced by most chemicals these cells (or transitional forms between oval cells and hepatocytes) contain AFP and AFP mRNA while mature hepatocytes do not (13) (14) (15) (16) (17) .
With newly developed cell separation procedures (16, 18) it is possible to isolate from preneoplastic rat liver, cell populations which produce AFP (oval cells) and compare them with cells (hepatocytes) which are not active in AFP synthesis at least in the early stages of carcinogenesis (17) . In this study, we examine the methylation patterns of the AFP gene in oval cells and hepatocytes isolated from the livers of rats fed a carcinogenic diet which is choline-deficient and contains 0.1Z ethionine. Since this diet induces the proliferation of large amounts of oval cells (13, 16) and inhibits DNA methylation (19), we expected that an association between DNA methylation and the transcriptional activity of the AFP gene might become apparent from the analysis of the gene in purified oval cells and hepatocytes.
MATERIALS AND METHODS
Animals -Random-bred male Sprague-Dawley rats (Crl:CDSDBR) weighing 120-140 g were obtained from the Charles River Breeding Laboratory (Wilmington, MA). Rats were fed either a standard laboratory rat chow or a carcinogenic diet (CDE diet) which is deficient in choline and contains 0.1% of the hepatocarcinogen DL-ethionine (Teklad Test Diets; Madison, WI) as originally described by Shinozuka et_ a_l. (13) .
Cell Separation -The procedures used for the isolation of oval and parenchymal cells from livers of rats fed the CDE diet have been described in detail (16, 18) . Briefly, livers are perfused in situ with calcium-free medium followed by collagenase digestion in calcium supplemented buffer. Filter Hybridization -The recombinant plasmids pRAF 87 and pRAF 65 (21) containing rat AFP cDNA and pRSA 57 and pRSA 13 containing (22) probes generated 7 fragments (Fig la) . This pattern is in agreement with the work of Kunnath and Locker (11) and Vedel et_ al_. (10) . As reported by these authors, we find that the adult rat liver AFP gene is generally resistant to Hpall digestion (although small amounts of the 3.4, 2.75 and 0.5 kbp AFP gene fragments are generated). This is true for normal rats (not shown) and for animals fed the CDE diet for 4,11 and 30 weeks (Fig 2) . Fifteen ug of DNA prepared from livers of rats fed the CDE diet for h (two individuals), 11 and 30 weeks were digested with the restriction endonuclease Hpall (H) or Mspl (M). DNA fragments were separated by electrophoresis in 1% agarose %sXs, blotted onto nitrocellulose filters and the filters incubated with [ P] labeled AFP cDNA (see Fig 1) as described in Materials and Methods. Autoradiograms were prepared by exposing Kodak XAR film to the filter at -70°C using an intensifying screen. Figure 3 . Methylation of the AFP Gene in Isolated Cells from Carcinogen-fed Rats. Oval cells and hepatocytes were isolated from livers of rats maintained on the CDE diet as described in Materials and Methods. DNAs prepared from 4 week CDE liver hepatocytes (two preparations) and 5 and 9 week CDE liver oval cells were digested with the restriction endonuclease EcoRI (E), Mspl (M) or Hpall (H). Digestion products were analyzed with [ J P] labeled AFP cDNA as described in the legend for Fig 2. The hepatocyte preparation shown in lanes 4-6 contained 3 times more DNA than the fraction analyzed in lanes 1-3.
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of the AFP gene in these two cell populations might be quite different and reflect the degree of transcriptional activity, we separated oval cells and hepatocytes from livers of rats fed the CDE diet using previously described methods (16, 18) . We prepared DNA from hepatocytes isolated after 4 weeks of carcinogen feeding and oval cells isolated at 5 and 9 weeks. The DNAs were digested with EcoRI, Mspl and Hpall and hybridized with AFP cDNA probes (Fig 3) . (Fig 4) . When PstI digestion is followed by digestion with Hpall, the intensities of the hybridization signals generated by the 4.3 and 1.4 kbp PstI fragments are sharply reduced for both oval cell and hepatocyte DNAs. Because these two fragments (both in hepatocytes and oval cells) are very susceptible to Hpall digestion, we conclude that they must each contain at least one CCGG site which is not methylated to any great degree. Overall, the data in Figure 4 Table I . PstI digestion invariably generated 4 AFP gene fragments. In contrast, several different digestion patterns were observed after incubation of these same DNA preparations with either Mspl or EcoRI. Table 1 ).
To investigate whether or not more than one form of the albumin gene could also be detected in Sprague-Dawley rats, the EcoRI digestion products of rat liver DNA were analyzed by Southern blots using rat albumin cDNA from the recombinant plasmids pRSA 57 and pRSA 13 (22) as a hybridization probe (Fig lb) . Three distinct patterns are generated when the DNA from 10 individual animals are each incubated with EcoRI. Four DNA preparations generated fragments of 3.6, 2.7, 2.5, 1. Fig lb) and that the presence of the 4.3, 3.6 and 2.5 kbp fragments within the same DNA preparation signifies that the animal was heterozygous for both albumin alleles.
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